Atmospheric diffusion model is a mathematical expression relating the emission of haz ardous material into the atmosphere to the downwind ambient concentration of the haz ardous material. The main aim of the modelling process is to estimate the concentration of a pollutant at a particular receptor point by calculating from the basic information about the source of the pollutant and the meteorological conditions. Atmospheric dis persion is a phenomenon based on uncertainties, and in general, the concentration of pollutants observed at a given time and location downwind of a source cannot be pre dicted precisely [23]. The concentration of air pollutant at a given place is a function of a number of variables, such as rate of emission, distance of receptor from source and atmospheric conditions. The most important atmospheric conditions are wind speed, wind direction and vertical temperature structure of local atmosphere. Air pollution dispersion models are subject to scientific uncertainty, but the way this is handled for air quality management policy is different depending on scale of modelling and impact under consideration [33].
.subject to uncertainty due to Jack of measurement .point-and over-calibration or inac curate expert judgement. Inherent uncertainty of the input parameters is one of the main causes of uncertainty in model output. Parameter uncertainty is present because not always a single value of a parameter can completely characterize a modelling do main [154] . In the cases when not much data are available, or design values can be only estimated by an expert, the fuzzy set theory is useful as it assigns each value a degree of credibility [192] . The use of fuzzy numbers is proposed as a suitable technique for handling atmospheric dispersion criteria and tackling decisions made under uncertainty.
Fuzzy analysis based on fuzzy set introduced by Zadeh [192] is widely used to represent such uncertain knowledge.
Sensitivity analysis aims to quantify relative importance of input variables in determin ing the value of an assigned output variable. It can be used as an aid to identifying the important uncertainties for the purpose of prioritizing additional data collection or re search [35] . It also examines the way a particular model responds to variations in values of input variables or internal parameters [148] . Parameter sensitivity refers to the case, where the output function values are largely affected by variations in the values of one or more parameters.
The Hartley-like Measure
The Hartley family of functions measure what is called nonspecificity, which is a mea sure about the amount of information required to remove the epistemic uncertainty.
Hartley measure is well established measure of uncertainty in the classical set the ory [13, 77] , This type of measure quantifies the most fundamental type of uncertainty, one expressed in terms of a finite set of possible alternatives. The type of uncertainty quantified by the Hartley measure is well captured by the term non-specificity. This theory was generalised to fuzzy set by Higashi [71] and Klir [109] In practice, probability distributions of the parameters are not always possible due to their Jack of measurement and spare behaviour in their prediction. Accordingly,impre cise method of sensitivity analysis is searched. The Hartley-like measure is the method of sensitivity analysis with imprecise parameter, because non-specificity is quantified using it.
Parameter sensitivity analysis by Hartley-like measure isamethod fromimpreeise prob ability theory. When the information about the parameters consists of a central value and a coefficient or range of variation then the Hartley-like measure method of sensitiv ity analysis is employed [138] . The basic strategy for arriving at a sensitivity analysis or assessment is by successively fixing the input parameters and drawing the effect on the variability of the output.
Suppose for neutral air, in a case of purely mechanical turbulence, classical logarithmic
Here ka is von Karman constant, zo, value of puff height z at which average wind speed u vanishes, is termed as surface roughness length and k* is friction velocity. The sur face roughness length is equivalent to the height at which the wind speed theoretically becomes zero. As an approximation, the roughness length is approximately one-tenth of the height of the surface roughness element. For example, short^rass of height 0.01 m has a roughness length of 0.001 m. As a well-known scaling factor, the von Karman constant^ is used to scale the logarithmic law of mean wind profile in the atmospheric surface boundary layer. The sensitivity analysis of average wind speed with respect to the parameters ku, zo and aM i&-carried out by modelling the parameters as triangular fuzzy numbers by assigning degree 1 to the most possible value. These input parame ters are modelled from Table 7 Table 7 .2, the parameter friction velocity ux is found to be the 
The RIMPUFF Model
The RIMPUFF is a Lagrangian mesoscale atmospheric dispersion puff model designed for calculating concentration and doses resulting from dispersion of airborne materials.
The 
Ty,Tz
Averaging time in (sec).
Input Parameters and their Fuzziness
The parameters with inherent uncertainty are taken to be triangular fuzzy numbers.
These inputs to the model are modelled as triangular fuzzy numbers assigning degree 1 to the mostprobable value. Average wind speed, roughness length, shear stress or fiction velocity, boundary layer height and heal flux etc. are such parameters. The average wind speed u (m/sec) is being obtained from Equation 7.1, since the parameters friction velocity u«, roughness length zo and Von Karmann constant are fuzzy, average wind so obtained is also fuzzy, however for simplification it is. taken to be triangular fuzzy number defined as < 2,5,17 >. Boundary layer height h (m) is obtained as fuzzy w* number from the equation h = 0.2---and found to be triangular fuzzy number 2Qsm(j) < 673. 5,1171.3,1903 .46 >, where <j > is the latitude which is equal to 19° N for Mumbai. Heat flux w* (W/m2) is obtained from w* = 0.4(i?s -100) and fuzzy number found is < 178. 84,186.12,195.46 >, where Rs is the insolation in W/m2 and is equal to 565.3 W/m2 (0.811 (Cal/cm2/min) for Indian condition. The concentration is evaluated at a particular grid point at puff height z = 10 m and downwind distance x = 100 m away from the source at an averaging time 1 hour.
Results and Discussions
Sensitivity analysis of the horizontal dispersion coefficient reveals that the average wind speed n is the most influential parameter followed by heat flux w" the parameter fiction velocity k* and boundary layer height h has non influence on the horizontal dispersion coefficient. The membership function of horizontal dispersion coefficient (m) is shown in Figure 7 .2, shaded regions are the membership function of the horizontal dispersion coefficient in meters obtained by fixing the fuzzy parameter to the most probable value of degree 1 successively. The Hartley-like measures are produced in the Table 7 .3.
Sensitivity analysis of the vertical dispersion coefficient is shown in Figure 7 .3 and Table 7 .4, average wind speed u is most influential parameter followed by boundary layer height h and then heat flux w*, the parameter friction velocity w* has no influence on the vertical dispersion coefficient. In 
Conclusions
Sensitivity analysis of the atmospheric dispersion model yields that the uncertain model parameter average wind speed is the most sensitive parameters which influences the downwind concentration. The sensitivity analysis has been carried on the stand point that the input parameters are uncertain; these parameters are treated as triangular fuzzy number. Hartley-like measure has been evaluated on each membership function of the output with or without fixing. Sensitivity analysis of the atmosphere dispersion model yields that the uncertain model parameter average wind speed is the most sensitive pa rameters which influences the downwind concentration. The other parameters such as the boundary layer height and the heat flux or the shear stress has less influence on the downwind concentration of the RIMPUFF model, whereas the uncertain parame ter fiction velocity has no significant influence on the downwind concentration of the model.
